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© Programmable J£w impgda*nce interconnect circuit element and method of forming thereof/ 



© A programmable interconnect device for yse in 
integrated circuits comprises' a firstcpnductive. layer, 
/an insulating, layer overpaid first conductive layer, 
and a second conductive .layer oyer said insulating 
layer. There is described the^appljcation of a pro- 
gramming voltage tD cause, the formation of at least 
one . controlled radius filament formed from at least 
one of said 'first. or second conductive layers, this 
may have., a resistance of less than 300 Ohms. 
Suitably, the fi/si conductive layer, may be. a poly- 
siijcon and trje insulating layer a silicon nitride. The 
invention also relates to the method of forming such 

Cg£a pircurt element on a substrate in a CMOS or 

.^bipolar application* process. 
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PROGRAMMABLE LOW IMPEDANCE INTERCONNECT CIRCUIT ELEMENT AND METHOD OP FORMING 

THEREOF \ ?■ 



BACKGROUND 

1 • fofrf -Qf the invention 

The present invention relates to the field of 
integrated- electronic circuit technology. More par- 
ticularly, the invention relate* to a reliable and 
manufacturable capacitor-like, eieetrically-program- 
mableinjerconnect device to be used in integrated 
circuits. 



- 2- the Prior Art 

Integrated electronic circuits are usually made 
: with ail internal connections set during the manu- 
facturing process. However, because of high devel* 
opment costs, long lead times^ and high manufac- 
turing tooling costs of such .circuits, users often. 
. desire circuits which . can be configured or pro> 
grammed in the ffeid. Such circuits are called prog- 
rammable circuits and they usually contain prog- 
rammable nnks/Programrnable links are eleetrical 
interconnects which are either broken or created at 
selected electronic nodes by. the user after the 
integrated device has been fabricated 7 and pack- 
aged in order to inactivate, or activate respectfully 
the; selected electronic nodes. 

Programmable links have been used exten- 
sively in programmable read only memory devices 
(PROMs). Probably the'" most common form of pro- 
grammable link is a . fusible link. When a user 
receives a PROM device from a manufacturer, it 
usually consists ofan X-Y matrix or lattice of con- 
ductors or semicondustors. At each cross-over 
point of the lattice a conducting link, called a fus- 
ible link, connects a transistor o> other electronic 
noqe to this lattice network. The . PROM is pro- 
grammed by blowing the fusible links \o selected 
nodes ' and creating an open circuit. The combina- 
tion of blown and unblown links represents a digital 
bfcpattem of ones and zeros signifying data which 
the user wishes to store in the PROM. 

Such, fusible link PROM systems present cer- 
tain disadvantages. For instance, because of the 
nature of the conducting material ifTthe link, rela- 
tively .high .voltage and high current levels are 
.needed during programming to guarantee the com- 
plete blowing of, the 'fusible links. SThce the link is 
. usually.dbnductiye; it he ds large amounts of pow- 
er dtssipattpn to blow it Also, the shape and size of 
.the fusible link must be precise so' that the link will 
function ffestlv ly as a conductor if it is not blown - 



and will be a completely open circuit if it is blown. 
Therefore, very critical photolithographic steps and 
controlled etch techniques are required during the 
manufacturing process of fusible, link PROMs.* R- 
5 naliy, a large gap must" be blown in the link in order 
to prevent it from later, becoming" closed, through 
. the accumulation of the conducting material near 
the blown gap. Fusible link memory ceils are rela- 
tively large in order to . accommodate the link and 
w . its associated selection transistor and, therefore, 
fusible link PROM systems have high manufactur- 
ing and material costs and, take u^ large amounts 
of chip real, estate space: 

In recent years,, a second type of program- 
75 mable links, called anti-fuse links, have been devel- 
oped for use in integrated circuit applications. IrK 
stead of the programming mechanism 'causing an 
open circuit as is the case with fusible links, the 
programming mechanism in anti-fuse circuits cre- 
.20. ates a short circuit or relatively low resistance fink. 
Ant!=fuse links- consist of two conductor and/or 
semiconductor . materials having some kind of "a • 
dielectric or irisufetfng material between them. Dur- 
ing programming, the dielectri© at sejecfed points 
zs in between the conductive materials is broken * 
down by predetermined applied voltages, thereby 
electrically connecting .the conducjing'or semicon- 
ducting materials together. 

various materials have been suggested for the 
30 dielectric or insulating layer. Some of .these . sug- 
gested-dielectric materials require a relatively high 
current and voltage during programming; require 
complex manufacturing techniques, and have low 
reliability during programming because it is difficult . 
35 to control -the reproducibility of the conductive state 
due to the nature of the crystalline structures of the 
materials involved. In addition, the programming 
process results in a link- having, a finite resistance in - 
. the order of several hundred, to several thousand 
40 oh ™s. This characteristic of the known anti-fuse 
elements renders them relatively: unsuitable for use 
.'in high speed circuits. 

Some of the proposed dielectric insulators are 
doped amorphous silicon alloys; polycrystailihe re- 
45 sistors, oxides; titanate of a transition metal,- silicon - 
oxide, aluminum oxide and cadmium sulfide. The 
. problem with these approaches, have .been related 
to the need of a high current -and voltage to pro- 
gram arid the difficulty to manufacture, and : control 
so their reliability in both .the on and off states, Materi- 
als such as cadmium sulfide, aluminum oxide and 
titanate, .are complicated .technology difficult to 
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manufacture with standard semiconductor process* 
ing. Capacitors- with silicon oxides used as a -di- 
electric do not 'produce a low enough impedance 
.after programming. 

Examples of known anti-fuse elements are ;5 

- f6und in the prior, art; Reference is made to: U.S. 
Patent No; 3,423,646 which uses aluminum oxide, 
cadmium sulfide;" U.S. "Patent. No. 3,634,929 which 
Uses single "film of AUG?, Si02, .and.SiaNa; U.S. 

. Patent -No. 4,322,822 which uses S1O2; .U.S. Patent 10 
No. 4,488;262 wfiich uses oxide or titanate of a 
transition "metal; U.S. Patent No.. 4,499,557 which 
uses doped amorphous silicon alloy; U.S. Patent 
No. 4,502,208 which uses SiOa U.S. Patent No. 
4|507,757 whicrr uses. S1O2; U.S. Patent No. 75 

. 4,343,"594' which usesSflk. 

. Most of f He above patents either describe 

"complicated technologies or need high breakdown 

■ voltages and currents, and or are difficult to "manu- 
facture, or do. not meet the reliability requirements so 
of state-of-the-arf integrated, circuits in both the on 
and off states. These patents do. hot disclose the 
c/eation of controllable conductive filaments with 
low resistance after programming. . 

^tfter problems associated" with existing, dielec- - 2* 
trie materials in antl-fgse links fnciude large mem- 
ory cells, complex manufacturing processes of ..the . 
unblown anti-fuse elements. 

30 




An object of the present invention is to provide 
" an electrically programmable low-impedance, inter- 
connect .element. „ 35 

Another object of the present invention is tP 
provide an electrically programmable interconnect 
element which rnay.be programmed with suffi- 
ciently . low voltages and currents compatible with 
.state-of-the-art MOS tSchholqgy, ce.sul.ting in a low '40 
impedance .In the ' on-state. 

Another ;object of the* present invention is to 
provide an electricaliy-progra'mrhable interconnect 
.element which is "Yoanufacturable using standard 
semiconductor processing, and has high reliability 45 . 
in .both the on and off states. _ 

Ad vantages, associated with the' present inven- 
tion in some or air of jts embodiments" include an 
interconnect which can be made witfv standard* 
semiconductor manufacturing - techniques, small 50 . 
size, a high reading" current after programming, a 
manufacturing process with a rnininial number .of 
steps, and a controlte3~radjus interconnect filament 
through the .dielectric resulting in a repeat^bly 
manufacturable 'cbntr* (led low resistance link" after 55 
- programming. FurtheTfnore, the pr sent invention is 



characterized by high reliability in both the pro- 
gramm d and.unprogrammed state. Other and fur- 
ther advantages of the pr sent invention will appear 
hereinafter. 

SUMMARY .OF. THE INVENTION . 

An electrically Programmable, Low-Impedance 
.Circuit Element- after programming ( n PLICE n ) is 
described. It consists of a capacitor-like structure 
with very low leakage current before programming 
and a low-resistance after programming. 

Thjs PLIGE element is formed by having a 
. dielectric between two conductive electrodes, in a 
preferred embodiment, one or both of the .two 
conductive electrodes -may be made of a high 
. electromigration immunity material and may be 
formed from either heavily doped polysilicon, heav- 
ily doped singje crystal silicon, or refractory metal 
such as tungsten, molybdenum, platinum, titanium, 
tantalum, or their silicides or a sandwich of poly- 
silicon and metal. Those of ordinary skill in the art 
will recognize that, the metal may.be any substance 
used to provide interconnect in integrated circuits 
or is used as a diffusion barrier. In addition, it is 
believed that congbinatidns fcf the above material 
wilt function in the present invention. In other em- : 
. bodiments, lower electromigration- immunity materi- 
als may be used as long as the current passed 
. through the PUCE- after programming is appro- 
priately limited to assure proper lifetime. 

The* dielectric layer, single or composite, be- 
tween the two electrodes is such that when it Is 
disrupted by a high electric field it will "facilitate the 
flow of one of the two electrodes to produce a 
controlled . radius conductive filament during* its * 
breakdown. It requires a low amount of charge 
fiuence to breakdown at the higher programming 
voltage. with practically used voltages and currents 
in integrated circuits. It also has a large enough 
charge fiuence to breakdown at normal operating 
voltages" to be a reliable circuit element during 
operation in its off state. 

. .During programming, as the applied voltage 
reaches the .dielectric breakdown, a localized weak 
spot in the dielectric starts to carry most of .the 
leaking current; and heats up which, Jn turn, in- 
creases the leakage current. A thermal runaway 
condition develops which results in localized heat- 
ing 'and melting of the dielectric and adjacent elec- 
trode material. The conductive material flows from 
one of the two. el'ectrodiss.and forms a conduetlve 
filament shorting both electrodes. The thickness of 
this electrode should be., sufficient not to .cause any 
discontinuity or pits' during the filament formation. 
The final radius of the filament depends on the * 
composition and thickness. of the . djeieetrie, the 
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electrode conductive material melting temperature 
and the energy dissipated during programming! 
Lower final resistance of this element after its pro- 
gramming can be obtained with a larger radius and 
a lower, resistfvity of the. formed filament and a 
lower spreading resistance of both electrodes. A 
larger filament radius and higher electromigration 
immunity of the conductive electrode material that 
.flows to form the filament result in higher current 
carrying capacity of the programmed element with- 
out blowing open due to electromigration^ 

In a preferred embodiment one of the conduc- 
tors, the top electrode, is formed of heavily doped 
polysiiicqn of- either n+(p+) or is a sandwich of 
said pplysilicon and a metal above it and the other 
conductor, .the lower electrode, is formed of heavily 
.doped equal polarity n + (p + ) diffusion region in a 
substrate or a well of opposite polarity p(n). The 
dielectric in this embodiment is a tri-layer sandwich 
formed of a bottom oxide Jayer of 20A-50A, a 
central silicon nitride layer of 4OA-100A, and a top 
oxide layer of OA to : 50A. 

TTie PUCJ2 element in the first preferred em- 
bodiment is programmed by applying a current 
controlled voltage source -across the two conduc- 
tors (electrodes). The composition of the composite 
dielectric; is such that the structure provides an on- 
resistance of less than 300 ohms after • program- 
ming and an. off^resistance -of more than 100 
Mohms before programming. The structure re- 
. quires a programming pulse of magnitude tess- than 
30 volts,, a time duration, of less than 100 mSec 
while supplying a- current of less than lOmArnps 
The size of the conductive .filament is a function of 
the programming pufse and trie imposition of the 
composite dielectric structure . and its radius is in 
the range of .02 urn to 0.2 urn. 

In a second and third embodiment of the 
rUG* element, the PUCE element or capacitor 
anti-fuse is between two conductors (metaJ lines or 
polysiiicon lines). This facilitates the interconnect 
between two conductors without using the silicon 
substrate as a path. Hence, the substrate can be 
used for active devices. 

Thdse of ordinary skill in the art will recognize 
that the techripidgy ,of this invention is compatible 
with and may be applied to any semiconductor - 
structure or process. 



FIG. 2a is a cross-section of an alternative 
embodiment of a PLIC6 element according to the 
present invention having , one metal electrode and 
one polysiiicon electrode. 
. FIG; 2b is a cross-section of an alternative 

embodiment of a PUCE element according to the 
present invention having two metal* electrodes. 

FIG. 3 is a simplified crossiection .of a 
PUCE element after programming. - 
. io FIG. 4 is a cross-section of a PLIC5,element 

like the embodiment disclosed With respect to FIG. 
1. fabricated on a semiconductor. substrate materiai 
wherein semiconductor material is employed as the 
electrically conducting material. : 
'5 FIGS, ,5a and 5b are schematic diagrams of - 

the equivalent circuit of the PUCE element befbre 
and after programming. 

FIGS. 6a-6f show a typical process for 
fabncatfng a PLJCa element as a part of a silicon 
20 gate CMOS process. 

FIG-. 7 illustrates howJhe present invention - 
may be incorporated into .a typical .bipolar process. 

25 RgTAILgQ, DgSSRIPTlQ-N T H* PR^p=RD=n " 
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§I!5M 3? THg qrawimgs 



FIG. 1 is a cross-section of a preferred em- 
bodiment of a PLIC&element fabricated on a semi- 
conductor substrate material 5 in accordance with the 
present invention. 



Referring first to FIG, 1, a preferred embdcii- 
ment of the present invention is fabricated drra" 
30 semiconductor substrate 10. Those of ordinary skill 
in the art will readily recognize that substrate 10 
may . in fact be a well region .of one conductfvity 
type fabricated in a semiconductor substrate of- 
. opposite conductivity type as is common 1n a 
as CMOS process. In this embodiment the bottom 
electrode is a heavily, doped diffusion area jn sub- 
strate 10 and- may be for example from 1x10* to 
1x1 0» atom/cms 0 f arsenic or phosphorus if' re- 
type. Bottom electrode 12 may be placed on sub- 
<o strate 10 by any of the known methods for creating 
such regions. It. should be. noted that bottom elec- 
trode 10 is heavily doped using a dopant which will 
create a semiconductor conductivity type "opposite 
m polarity to that of the substrate 10. Therefore if 
45 substrate 10 is P-type materia! bottom electrode 12 
should be heavily doped N-type diffusion and vice 
versa. 

In this embodiment the insulating dielectric lay- 
er is a composite layer comprising oxide layer 14 * 
so silicon niftjde layer 16 and top oxide layer 1 8. The 
. dielectric layer may also be formed of a single 
insulator material which facilitates the flow of onVof 
the electrodes when disrupted by a high* electfb 
field to create a controllable Jfament radius, 
55 Top electrode 20 is formed from a. material of 
.equal polarity as "the bottom electrode, so if the 
bottom electrode is N-type. then top electrode may 
. be formed of heavily doped N-type pplysilicon L hay- 
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ing.a sheaf resistance of approximately .10 to 100 
ohms/square. .The thickness of the polysilicon may 
be from approximately .500. to 10,000 Angstroms, 
.'and may be approximately. 4500 Angstroms in "a 
preferred. embodiment. ..5 

the top electrode. 20 may also be a sandwich 
of. said polysilicon layer and on top of it .a conduc- 
tive mejtaJ layer o( Aluminum approximately- 5,000 
to 15,000 Angstroms. 

In this .embodiment, the thickness- of the b.ot- io 
torn oxide layer 14 of "the composite dielectric is. 
from 20 to 50 Angstroms, 'the thickness , of the 
central silicon nitride layer is from 40 to. 100 Ang- 
stroms; and the thickness of the top' oxide layer 18 

■ is from 0 to 50 Angstroms. The relative 'thickness 75 
.of these layers .are., essential for manufacturing a 
reliable PUCE and a controlled" filament of specific 
radtus and Conductivity as will be disclosed further 
herein. " \ 

The PLieg.eiement of this embodiment is pro- 20 
grammed by applying a. cu"rrent : controlied v voltage 
source, .across the" two. electrodes. The composition 
of the composite diejectric.is such tha^ :tne struc- - 
jure provides an on-resistance of less than 300 
ohms after programming .and an off-resistance of '25 
more .tfran 100 mega ohms before programming. 
The. structure requires a programming pulse, .of 
magnitude less thTan .30 volts/ a tirne duration of 
less " than 100 mSee at. a . current of less than TO 
mAmps. The size of the ..conductive filament is* a 30 
function of the programming pulse and : of the com- * 
position; of .the . composite '.dielectric structure and ' 
its effective, radius* isjn the range of from ,.02 ulvi to* 
O^um. ... 

As an example, a PUCE element having an N- 35 . 
diffusion ok 1x1 0 2 . 1 ;atom.s/cm lower electrode, a 

.4500 m Angstrom highly-doped polysilicon upper 
electrode having a sheet resistance of 18 
ohms/square, and a dielectric. consisting of a first 
layer of approximately 40 Angstroms of Silicon 40 

.dioxide (Si0 2 ), a. second layer of approximately 70 
Angstroms of "silicon nitride (SfeN4), and a third 
layer of approximately .15 Angstroms of S1O2 will 

.produce a filament having an effective radius of 
approximately 0.05 microns if programmed with a - 45 
pulse of approximately 18v and a current of 1 .0 mA 
for 1.00 .mSec of "duration, it has been found, that 
the resulting' filament resistance is less "than 40 
phm§. 'For the' same 1 SV'programming^ voHage. and 
100 mSes of programming lime, a current of 0.2mA so 
and 10mA will prpduce a filament/with effective 
radios from 0.04' microns to 0.2* microns 

It will be appreciated by those skilled in the art 
that ..conductivity of the dopants , of substrate TO 
lower eleetrode 12 and upper eJectro.de 20 may be 55 
revers'ed i.e. substrate 10 may be N-type material 

.and lower and upper ejectrod.es" 12 and '20 may! be 
heavily doped P material. 



R ferring now to FIGS. 2a and* 2b. an aiternat 
embodiments of the PLIC5 will be disclosed 
wherein the two electrodes are above the substrate. 
These embodiments facilitate the interconnect be- 
tween two conductors without using the silicon sub- 
strate as a path.. Hence, the substrate can be used 
for active devices. 

Referring first to FIG. 2a the .bottom electrode 
40 of the PUCE, element is fabricated of polysilicon 
which may be from . approximately 500 to 10,000 
Angstroms thick covered by a silicide layer 42, 
which may be from approximately 100 to 5000 
Angstroms thick. This reduces the. sheet resistance 
of the polysijfcon.to less than approximately 10 
ohms. Silicide layer 42' also serves to provide the 
molten substance which will create the filament 
through the dielectric. Silicide layer 42 may be of a 
silicide of. tungsten, molybdenum, titanium or* tan- 
talum. Insulating oxide regions 44 are shown in 
FIG. 2a to indicate the type of environment which 
may be typieally provided to isolate the PLICS 
element from other circuit elements on the silicon 
substrate. 

Dielectric layer 46 Is placed over the silicide 
layer 42 and also overlaps field oxide region 44. 
Dielectric layer 46 of the embodiment of FfQ. '2a 
may be the sandwich' structure disclosed with re- 
spect to the embodiment of FIG. 1. Dielectric layer 
46 may .also be formed of a single silicon nitride 
layer approximately 100-2000 Angstroms thick. 

A barrier metal layer 48, such as titanium, 
tungsten, .or titanium nitride is placed in between 
.dielectric 46 and top . electrode 50 (which may be 
made of aluminum) to prevent the diffusion of the 
material, of the top electrode into the filament that 
is formed after" programming. Barrier metal layer 48 
may be from approximately 50 to 5000 Angstroms 
thick. 

Turning now to FIG. 2b the PLICE -element of 
this embodiment has a lower electrode 60 which 
may be a metal such as aluminum, covered with a 
layer of barrier metal, such as tungsten, titanium, or 
titanium nitride to prevent the diffusion of the alu- 
minum metal into the filament as discussed' with 
respect to FIG. 2a. Insulating oxide regions 64 are 
shown as. a method to 7 isolate the PUCE element 
from other circuit elements on the silicon substrate. - 
A layer 66, preferably formed of tungsten silicide is 
interposed between barrier metal layer 62 and .di- 
electric layer 68 through which the filament will be 
formed. Layer .66 is used to provide the molten 
substance from which the filament will be formed 
when the PUCE element is programmed. A barrier 
metal layer . 70 Is interposed betw n dielectric 
layer 68 and top electrode .72, which may be a 
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metal such as aluminum In .order to prevent the 
material of th% top electrode from diffusing into the 
filament material, the thiokriess of the layer in the 
embodiment of FIGS. 2a and 2b may be similar. 

The 'PUCE element of the embodiments de- 
picted in FIGS." ?a and 2b may be programmed by 
"application of a voltage from approximately 10 to 
30 volts between the two electrodes depending on 
the thickness of the dielectric. The programming 
puise should be at a duration of approximately less 
- than 100 mSec and. at a. current of approximately 
less than^lOmA. 

Referring how to FIG. 3 a simplified cross- 
section of the PUer element after programming, 
.shows a lower electrode 80 and upper electrode 82 
with a dielectric lave? 84 interposed in between. A 
controlled-radlus filament 86 has been caused to 
form in the alefeefiric layer" and is composed of the 
electrode, material. As will be readily understood by 
those ;of ordinary .skill in the art, the radius of the 
conductive filament, controls the on-resista~nce of 
the PLIC1 element after programming. The use of 
-a high efectrqmigratjon immunity material and a 
controlled radius filament- results in adequate re- 
liability with current flow and an immunity from the 
PUCg^eJemeht causing itself to unprogram after 
considerable use due to electromigration of the 
• filament material. As mentioned* lower electromig- 
ration immunity "materials-may be used so long as 
the operating, currant is. .below & value which will, 
cause considerable ejectromigration of the filament 
material during the device, lifetime. 

The preferred, embodiments of . the PUGS ele- 
ment illustrated; herein may be .integrated into a 
standard . integrated circuit technology using N + 
poiysiliqon.as the '.top electrode and using an N + 
diffusion, in a P substrate or P-well as the bottom 
eIeotro.de." This, embodiment is dissussed with re- 
spect to FIG. 4. 

Referring now to FIG. 4. the PUCE element is 
xonstructed in Prsubistrate or" P-well 100. Field ox- 
" ice. regions 102 isolate the PUCE element structure 
. from other circuit elements. Heavily . doped N + 
"dfffosion region 104 forms the bottom electrode for 
the PL{G&; Dielectric layer 106 separates lower 
ejestrode 104 ffpm upper electrode 108 which may 
be heavily doped N + poiysilicon. Connections to 
lowe* electrode 104, and upper electrode- 108 are 
shown schematically at 110 .and 112 respectively. 
Jn the ; embodiment" of. FIG. 4 . both the bottom 
electrode 104 and top electrode 188 can be con- 
tasted to metal layers to reduce interconnect resis- 
tance 

FIGS, ^a' and 5b illustrate schematically the 
. quivalent.. circuit of the PLIG§- before and after ' 55 
programming respectively. In F!$..5a parasitic, di- 
ode 120" inherently exists between the. substrate 



- 100 and N+ diffusion region. 104 forming the lower 
electrode in FIG. 4. Off capacitor 122 represents 
the capacitor formed, by lower electrode 104 and- 
upper electrode 108. 

After programming, parasitic diode 120 js now 
seen connected to resistor 124 which, represents 
the inherent on-resistance .of the controjled-radius 
filament formed during programming, which con- 
nects lower electrode 104 with upper electrode 108 
10 and the spreading resistance of.the top and bottom 
electrodes. In both FIGS. 5a . and 5b the three : 
terminate of the equivalent circuit are terminal 100, 
the substrate of FIG. 4, terminal 110 which is the 
equivalent terminal- 110 in FIG. 4 and terminal 112 
is which is the equivalent terminaM 12 of FIG.' 4. . 

While the discussions involving FIGS. 4, 5a. 
and 5b have assumed P substrates and N difru-. 
sidnsi those of ordinary skill; in the art will readily 
recognize that N type substrates or wells and P 
20 diffusions could be.used as effectively. If that is the : 
case it will be immediately recognized that diodes 
120 of FIGS. 5a and 5b will have their anodes ar 
terminal 1 10 and their cathodes at terminal .100. 
As illustrated in FIGs.. 6a-6f the preferred erh- 
25 bodiments- of the present invention are easily \h6br- '. 
porated into standard, silicon integr.aiecL circuit man- 
ufacturing processes. The disclosure Jierein relates 
to a CMQS- process, but those- of ordinary skill in 
the art -will readily recognize how the- PUCE forma-. 
30 tion could be incorporated into NMOS/PMOS ;or 
other processes. " . 

First as shown , in FIG 6a, "the silicon wafers, 
have been processed utilizing a standard CrvTOS 
silicon gate process to the point where .the PLIC5 
35- is to be incorporated in an : appropriate area. Spe- 
cifically, Nrtype substrate. 150 has been prepared 
by creating boron channel stop implants 152, boron 
P-weli t54, field oxide regions 156 and initial gate 
oxide layer 158 using conventional. CMOS prdcess- 
40 ing technology. A poiysilicon layer has been ere- * 
ated and defined to form gates 160 and 162 for Nr 
channei and P-chahnei devices respectively. 

The arsenic or phosphorus doping., step for 
source/drain regions 164 of the. N-chan net device in 
- P-well 1 54' also forms the first, step jor , creation of '. 
the PUCE; sinee an extra aperture in photo resist 
mask 166 aiiojws for . doping the P-weli .134 at 
region 168 to create the lower electrode of the 
PUGS simultaneously with the * N-chaohel * 
source/drain coping step. 

The initial gate oxide layer 1 : 58 is then etched 
to the bare substrate arid cleaned in preparation for 
growing dielectric layer 170. 

Refemng now to FIG. 6b, the dielectric layer 
170 of the PLIGE is next formed on the entife '• 
surface of the substrate. In a preferred , embodi- 
ment/a first layer of silicon dibxide is eitffer depos- 
ited or' thermally grown. A silicon nitride layer is 
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next deposited using standard LPCVD or CVD ' 
techniques. A final layer of silicon dioxide is then 
either deposited or thermally grown. The processes - - 
used to form . these layers may be conventional 
processing steps known to those skilled in the art. s 

' Referring now to FIG. 6c, a layer polycrystal- 
Hne silicon region 172 is then formed over the' 
entire surface of the wafer. Region 172 may be 
fabricated with standard- LPCVD or CVD tech- 
niques. Referring to FIG. 6c, a photomask 174 has io 
been used- to . delineate the pofycrystalline" silicon . 
layer 172 to form' the upper electrode of the PUCE. 
This shaped upper electrode 176 is then used as a - 
mask to selectively remove the silicon" 
dioxide/silicon nitride/silicon dioxide dielectric sand- is 
wich insulating layer from areas outside . of the . 
RLIGE structure. The. structure is then sealed with a . 
thin thermal oxide layer 178, . as shown in FIG. §d; 

The process, of manufacturing the remainder of 
the CMOS circuit can then .continue in a standard .20 
manner to form- the finished device as illustrated in . 
FIG. 6a. The Bcirpn source and drain ' regions 180 
and iS2, for the P-channel devices are 'implanted, 
using a photomask 184 and the portion of poly- 
silicon gate layer 162 to protect the areas outside ; 25 
the" implant regions. Referring to FIG- 6f, a pqly- 
siijpon glass passivation layer 1 86 is . deposited, 
flowed 1 and qontaot cuts are made. Metal layer 188 
is then deposited and .delineated: making connec- 
tions to 1he Vansistors PLICE nodes, if dual layer 30 
metal is* to be used, an " interlayer dielectric is 
deposited and a second layer of metal is depos- . 
iteds delineated and annealed (not shown). Finally; 
- a passivation layer is deposited for scratch protec- 
tion and the metal pa4s are opened. 35 

The PUCE :element can also, be applied to 
bipolar process for either PROM cells' or program- 
mable logie* devices. The preferred embodiment 
would be tr$e same .as the Gmos embodiment. 
. Such a process is disclosed in conjunction with 40 
FIG. 7. The- process would begin as a conventional 
bipolar process, first the juried layer wquld be 
defined and diffused in. followed by the epitaxial 
deposition and isolation .process. There are several 
methods for performing .isolation and diffusion, all 45 
of which will work with the PUCS element. The 
base region would then be defined and diffused. 
The emitter would then be defined. and diffused 
"followed , by. the contact cuts. This Is the. preferred - 
point where ttte' PLICI element pould be defined so * 
by forming the dielectric, followed by the poly 
deposition, doping, and delineation. The underlying 
dielestric would then^be removed. from the unwan- 
ted areas utilizing the poly as,mask. Following the 
definition of- the PLICS "element the metalization 55* 
process would proceed as normal. Either" singie or 
dual, m tal' processes may be used. . 



While embodiments and applications .of this 
invention have been shown and described, it would 
be apparent to those skilled in the art that many 
more modifications are possible without departing 
from the inventive concepts herein. The" invention, 
therefore, is not to be restricted except' in the spirit 
of the appended claims. 



Claims 

1. A programmable low impedance intercon- 
nect circuit element, including: 

a first conductive layer; 

an insulating layer over said first conductive layer, 
and 

. a second, conductive layer over said insulating lay- 
er^ wherein the application of a- programming volt- 
age causes the formation of at least one controlled 
radius filament formed from at least one of the said 
"first or second conductive layers having a resis- 
tance of less'than 300 ohms. 

2. A programmable low impedance intercon- 
nect circuit element, .including: 

s a first conductive- layer; • 
an insulating layer .over said first conductive layer, 
saijd insulating layer having a first silicon dioxide 
portion and a second silicon nitride portion over 

. said first- silicon- dioxide portion, and 
a second conductive layer over' said' insulating lay- 
er. 

3. .The programmable- low impedance intercon- 
nect circuit element of claim 2 wherein said insulat- 
ing layer further includes a third ' silicon dioxide 
portion over said second silicon nitride portion. 

4. The programmable low impedance intercon- 
nect circuit of* claim 2 or 3 wherein said insulating ? 
latter contains at least one .controiled-radius fila- 
ment of conductive material formed from at' least 
one of said first .or second conductive layers ex- 
pending therethrough and in electrical cpntast with 
said first and second conductive layers. 

5. The programmable low impedance, intercon- 
nect circuit of claim 1, 2,. 3 or 4," wherein atjeast 

one of said conductive layers . is formed' of a ma- . 
terial having a high eiectromigratron immunity. 

. 6. The programmable low impedance intercon- 
nect circuir of "claim T, 2, 3, 4 or 5, wherein,at least 
one "of said conductive layers is heavily doped 
polysilicon.. 

7. The programmable low impedance intercon- 
nect circuit Qf claim 1, 2 "or 3, wherein' said first 
conductive layer is a diffusion and wherein said 
second * conductive layer is heavily doped poly- 
silicon having the same polarity as said diffusion. 

6: The programmable low impedance intercon- 
nect circuit of claim 7, wherein said second con- 
ductive layer is covered, by a metal layer. 
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& The programmable low impedance intercon- 
nect circuit of-dairn 1, 2 or 3, wherein said first; and 
second, conductive layers are a metal. 

10. The programmable low impedance inter- 
connect circuit of cfaim 2, wherein said first con- 
ductive layer is a . diffusion and wherein said sec- 
Vond: conductive layer is a sandwich of heavily dop- 
ed pdiysiiicpn lay.er having the . same polarity as 
said diffusion under a metal conductive layer. 

1.1. . A programmable low' impedance intercon- 
. nect circuit .element including: 

a first conductive. layer, 
• a sjlicide layer covering said first conductive layer, 
.an insulatfng layer covering said silicid layer, a 
metal layer covering said insulating layer. 

12; The programmable low impedance inter- 
connect circuit element of claim 11, further includ- 
ing a Carrier m.eteJ layer in between said insulating 
Jayer .and said metal layer. 

13. The programmable low impedance inter- 
connect cjrquit element of claim 11, wherein said 
first cpncfuctive jayer is a metal or a sandwich of a 
metal and a. barrier metal. 

14. The programmable low impedance inter- 
connect circuit element of claim 11, 12 or ,13, 
,whereia said .first conductive layer is a poiysfficon. 

15. Trie programmable low impedance inter- 
_ connect circuit element of l aViy one of claims 1 1 to 

14, wherein said insulating layer is a silicon nitride: * 

16. The programmable low impedance inter- . 30 
. connect circuit elernent of aYiy one of claims 1 1 t6 

15. wherein said insujating layer contains at least 
one contfolied-radjus filament of conductive ma- 
terial extending tfierethrough and jn electrical con- 
tact with said silicide layer and said conductive 35* 
riietal or metaJ with^barrier Jayer. " 

17. A method of forming a programmable low 
impfeqance interconnect circuit element on , a sub- 
strate in a CMOS fabrication pVocess' including the 

. steps of: . ~ ^ 

defining and doping with a first conductivity type, a 
first region in said substrate for forming the lower 
electrode of tfie 'programmable low iftipedan.ee cir- 
cuit interconnect, dement, simultaneous with a defi- . 
nitidn and dojfthg of the regions for doping source 45 
drain regions jn. said substrate, ' 
removing the inijal gate oxide layer in said first 
region, 

depositing 'a titeiSctric layer for said programmable 

low impedance^ circuit interconnect element over so 

said; region, 

depositing a conductive layer to. form the upper 
ejectrode ffir §aid erog?ammaJbje low impedance 
circuit interconnect over said dieiectric layer, 
defining said conductive layer and; said dielectric 55 
Jayer, 

continuing said pMQSr process sequence. 



18. The method of claim 17 wherein the con- 
ductive layer to form the upper electrode is fab- 
ricated of polysilicon having a conductivity type the 
same as said first region. 
.5- 19. A method of forming a programmable low 
impedance interQpnnect.circuit element in a bipolar 
fabrication process including the steps of: 
defining a region in the emitter for use as the idwer 
electrode of the programmable low impedance cir- 
10 cuit element, 

forming a dieiectric layer over said .defined region, 
depositing an upper electrode conductor region, 
defining said upper electrode conductor region and 
said dielectric region, 
is. continuing said bipolar fabrication process- se- 
quence. 

20. The method of claim 19 wherein said upper 
electrode conductor region is fabricated of poly- 
silicon having a conductivity type the same as. said 
20 emitter. 
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